The high burning temperature, the long retention time inside the kiln, the oxidizing atmosphere, the ash absorption in the clinker and the chemical conditions render the cement kilns ideal installations where wastes can be burned safely. Consequently, some of the wastes may be potential candidates to be used as alternative fuels in cement production that boasts a lot of environmental benefits. These wastes include a variety of materials like used tires, animal meal, refused derived fuels (RDF), solvents, used oils, biomass etc. During the clinker production process, the organic part of the wastes is totally destroyed whereas the inorganic compounds and heavy metals are incorporated in the interstitial phase or substitute calcium or silicon in the silicate phases of the clinker. However, due to their origin these wastes introduce into the cement making process several trace elements that may affect the process itself as well as the properties of clinker.
Introduction
The European cement industry produces annually about 170 million tons of cement. This is produced under rigorous quality specifications imposed by the European and national legislation and relevant internal procedures. Strict regulations apply in cement plants operation which is based upon permission of the pertinent authorities. The cement industry is able to use wastes as alternative fuels in order not only to boost its competitiveness, but also to contribute in the social problem of waste management with an environmental -oriented solution. Today the use of alternative fuels in European countries reaches up to 4 million tons/year, substituting around 2,5 million tons of coal per year [1] .
The use of wastes as alternative fuels in cement production boasts a lot of environmental benefits shown below: a. Reduces the use of non -renewable sources like coal as well as the environmental impact by its mining. b. Contributes towards the reduction of gas emissions responsible for the greenhouse effect by replacing fossil fuels by materials that in another case should have been disposed or burned with the negative impact on the environment. c. Maximizes energy recovery from wastes. All the energy is used directly within the rotary kiln for clinker production. Also maximizes the recovery of the non-combustible part of the waste (ash) and eliminates any need for its disposal as the remaining inorganic compounds are incorporated in the clinker. During the clinker production process, the organic part is totally destroyed whereas the inorganic compounds and heavy metals are incorporated in the interstitial phase or substitute calcium or silicon in the silicate phases of the clinker [2] [3] [4] .
The high burning temperature, the long retention time inside the kiln, the oxidizing atmosphere, the ash absorption in the clinker and the chemical conditions render the cement kilns ideal installations where wastes can be burned safely [5, 6] .
Alternative fuels include a variety of materials like used tires, animal meal, refused derived fuels (RDF), solvents, used oils, biomass etc.
The present work, being part of an extensive research program, aims to investigate the properties of clinker burned in laboratory furnace in the presence of RDF and biomass (cotton stalks in this case) used as coal replacements. Their materials present a significant calorific value compared to that of coal. Also large amounts of such materials are available domestically to cover the need of cement plants. The mixture design was based upon a 100% replacement of coal by wastes. Therefore, the respective portion of ash of RDF and cotton stalks was introduced in the raw mix. In addition, mixtures containing half and double the amount of the waste input were also examined in comparison. As reference sample (M1C) the same raw mix was used containing conventional coal ash. The clinkering behavior of the initial mixtures was assessed by differential thermal www.witpress.com, ISSN 1743-3541 (on-line) analysis and thermogravimetric analysis (DTA/TG). The resulting clinkers were investigated by X-Ray Diffractometry (XRD) and Optical Microscopy (OM).
Experimental procedure 2.1 Materials
The raw mix used in this work was provided by the Cement Company AGET Heracles and corresponds to a typical industrial grey raw mix design. Its chemical analysis performed by means of X-Ray Fluoresence (XRF) is illustrated in Table 1 . The mineral investigation of the raw mix carried out by means ofXRD technique revealed mainly the presence of calcite (CaCO 3 ) and quartz (a-SiO 2 ). As secondary phases dolomite (CaMg(CO 3 ) 2 ), albite (NaAlSiO 8 ), and illite (KAl 2 (Si 3 Al)O 10 (OH) 2 ) were identified. The 90 µm residue was 13.3%. The RDF was provided by a domestic waste treatment installation. This is a mixture of fabric, plastic and paper which is about 88% combustible. The cotton stalks were provided by local agricultural areas and are about 95% combustible. The chemical analysis of the ash for both waste materials used is presented in Table 2 . Lower H V and the ash content for these materials is shown in Table 3 . 
Sample preparation
Based upon industrial data 7.32 kg of coal are needed /100 kg of raw mix.
Taking into account the LHV of the coal this means 2211.4 kJ/kg of raw mix and the respective coal ash residue, namely 0.726 kg, is incorporated into the clinker during burning. Relatively with these data and taking into account the LHV's and the ash contents referred to Table 3 , three basic mixtures were prepared; the reference mixture with coal (M1C) and the mixtures M2R and M2B with a 100% substitution of coal by RDF and cotton stalks respectively. Furthermore, for each one of the wastes used two more mixtures were prepared that contained half (M1R, M1B) and double (M3R, M3B) of the ash percentage determined for the mixture M2R and M2B). Table 4 illustrates the synthesis and the identification of the mixtures prepared. The mixture preparation procedure included weighing of the portion of the materials (raw mix and ash) and dry mixing. Pellets were prepared from the resulting mixtures by addition of water. The pellets were dried at 100°C and then burned in a programmable furnace, with a rate of 10°C/min, at this temperature for 30 minutes, following air cooling at room temperature.
Results and discussion

Thermal analysis of mixtures
Thermal analysis was performed to simulate the conditions existing in the rotary kiln during clinkering [7] [8] [9] . All mixtures were subjected to thermal and thermo gravimetric (DTA/DTG) analyses in air atmosphere. The temperature profile used for heating was identical to that followed for the clinkerization of the pellets in the lab furnace.
The DTA/TG diagrams are presented in Figure 1, (a) for the mixtures M1R, M2R, M3R and (b) for M1B, M2B, M3B in comparison with the reference mixture M1C. All the main reaction peaks observed and the corresponding temperatures are summarized in Table 5 . The DTA-TG curves clearly show the stage of drying caused by loss of raw mix moisture at about 100 o C (broad endothermic peak). At 915 o C a major endothermic peak appears due to the decomposition of calcite, involving loss of carbon dioxide. Right after a very small exothermic peak occurs, connected to the initiation of belite formation. The formation of aluminate and calcium aluminate ferrite is indicated by small endothermic heat effects between 1100 and 1220 o C.
The formation of belite is represented by a well formed exothermic peak at 1250 o C followed by the endothermic effect of liquid phase formation at 1310 o C. The formation of alite occurs above 1350 o C and does not show a clear exothermic peak. During the subsequent cooling of the sample a sharp exothermic peak appears at 1200 o C attributed to the crystallization of the molten phase. As revealed by DTA results showed in Table 5 , being sample, but temperature shifts of the reaction peaks are observed during clinkerization compared to the reference mixture.
Both mixtures containing RDF and cotton stalks ash present lower decarbonation temperatures with increasing ash content. The belite formation and liquid phase formation temperatures are also shifted in the same way
X-Ray Diffraction (XRD) study
XRD analyses were carried out by a Rigaku D/MAX-IIVC Geigerflex. All specimens were ground to fine powders. XRD scanning was performed within the range 5°-70° in steps of 0.02° 2θ using CuKa radiation.
The study of the XRD patterns shown in Figure 2 , reveals that all the specimens prepared contain all the major clinker phases, namely, alite (C 3 S), belite (C 2 S), ferrite (C 4 AF) and aluminate (C 3 A). Table 6 summarises the main peak 2θ position of the two main calcium silicate compounds (C 2 S and C 3 S). The comparison of the corresponding peaks between the clinkers containing waste ash and the reference one (M1C) does not reveal any significant difference that would suggest any structural modification caused by the trace metal effect contained in the waste ash add. 
Optical Microscopy (OM) study
Clinkers prepared were mounted in epoxy resin, cut through a cross section and polished. The polished sections were then etched with 40 o C de-ionized water, 1% nital and 1% aqueous NH 4 CL. Microscopical evaluation was performed in reflected light. Some representative photos of the clinkers examined by means of the optical microscopy are presented in Figure 3 .
High porosity was observed in the samples probably due to the preparation method (pelletizing) and clinkering conditions. The numerous belite clusters also observed could be attributed to the same reason [10] .
The examination of the reference clinker M1C showed idiomorphic, angular alite crystals with a size between 20-25 µm. The crystals were usually fused. The crystals of belite were in general round with multiple sets of lamellae. Their size was between 25-30 µm. The interstitial phase (aluminate and ferrite) was generally finely crystallized due to the rapid cooling process ( Fig. 3a and 3b ). In the case of the clinker with RDF ash addition the alite crystals appeared angular in general, but in some cases belite fringing around their circumference attributed to some decomposition. The crystal size is about 25 µm and partially fused. The belite crystals retained their round shape, size and multilamellae character. The aluminate compounds of the interstitial phase observed in some case affected by alkali incorporation in its lattice thus crystallized in orthorhombic symmetry (Fig. 3c) .
The clinkers containing ash from cotton stalks have in general similar microstructure to those containing RDF ash. Some of the alite crystals appeared to be deteriorated (Fig.3d ). Finally, some alkali aluminates were also observed.
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Conclusions
Summarising the conclusions derived from the above results, concerned with the effect of the two waste materials used, RDF and cotton stalks, on the clinker formation it is concluded that the clinkers produced contain all the main phasesalite, belite, aluminate and ferrite. The crystal structure of these phases are quite similar to those of the reference clinker. Furthermore, the use of these waste materials have a positive effect on the clinkering by means of promoting the formation of the major clinker phases and shifting their reactions to lower temperatures in comparison to the reference clinker M1C.
These conclusions suggest that the two waste materials used, RDF and cotton stalks, are very potential candidates to replace fossil fuels like coal for the production of Portland cement clinker. However, further investigations are needed by means of the hydration and strength development of the cement produced with the materials concerned.
